Summary. 5-Hydroxytryptamine (5-ttT) effects on the insulin secretion of anaesthetized dogs and of hmnans were studied. From our investigations the following conclusions can be drawn: 5-HT when injected at a dose of 4.30 mg into the pancreatic artery, elicits a sharp rise of insulin concentration in pancreatico-duodenM vein; on the contrary, 21.50 mg of 5-I-IT is unable to modify insulin release. The infusion in fasting man of small amounts of 5-HT (~ 0.50 ~g/kg/min) during 1 h, does not alter blood glucose nor plasma insulin levels ; a similar infusion, however, increases insulin response after oral glucose load.
5-Hydroxytryptamine (5-HT)
is an amine present in several tissues which has been supposed to play a role in several physiological functions, such as regulation of blood pressure, blood coagulation and cerebral neurotransmission.
Several investigations have shown that 5-hydroxytryptamine, in vitro, modifies insulin release from pancreatic tissue and/or from pancreatic microdissected islets [9, 10, 14, 23, 24] . Moreover it has been shown recently that 5-tIT is present in pancreatic beta-cells [1] and Ekholm et al. [4] have shown that 5-IIT formed from the administered precursor 3K-5-IITP, is mainly confined to the secretory granules of the beta and alpha cells.
All these results are in agreement with the hypothesis that 5-/-IT may play a physiological role upon insulin secretion [23, 27] .
In 1970 it was observed in our laboratory that in a patient with carcinoid turnout, insulin release after oral and i.v. glucose was extremely poor and carbohydrate tolerance was frankly diabetic in type [25] .
The present research has been undertaken to ascertain whether insulin secretion in dogs and man, in vivo, is affected by 5-HT.
Methods

Studies in Dogs
The experiments were carried out on mongrel dogs, anaesthetized with Nembutal after overnight fasting. Mean weight of the dogs was 18 4-3 kg.
The animals were prepared in the following way: after anaesthesia a right subeostal laparatomy was * This research was supported by C.N.R. grant 71. 00771/04 115.1187.
performed and the pancreatico-duodenM vein (p.d.v.) was isolated and cannulated proximally and distally. The two cannulas were then connected by means of a triple branching tap. An interval of 10 min was left between cannulation of the vein and the actual beginning of the experiment itself to allow irregularities of blood flow to disappear.
Samples of blood flowing from the p.d.v, were obtained without stasis from the third branch of the tap.
The femoral vein of the animal was isolated at the same time; a catheter was inserted into this vessel from which blood samples were taken.
5-tIT was injected into the pancreatic artery. 4.30 mg 5-IIT was injected in two minutes, 20' after cannulation, into the pancreatic artery of 8 dogs. 20 rain later 21.50 mg 5-HT was injected.
Blood was taken from the pancreatieo-duodenal vein and from the femoral vein.
In another two dogs 4.30 mg 5-tIT was injected, for the second time, 40 min after the beginning of the experiment.
Studies in Man
Two types of experiments were carried out in man. All subjects undergoing these studies were free from endocrine diseases and had fasted overnight before the experiment. A) in 6 subjects, 5 males and 1 female (mean weight: 67.64-2.8 kg; mean age 544-6 years), 2.15 mg of 5-HT dissolved in 500 ml saline solution was infused i.v. in 60 min.
/31cod samples were taken from the anteeubital vein at 0', 15', 30', 45', 60', and 90' rain from the start of the infusion. ]3) in 3 male andi6 female subjects (mean weight 70.5-4-5.2 kg; mean ~ge 34:8:k4.6 years) an oral glucose tolerance test (10O g) wag performed. 2--4 days after the initial test the oral glucose load was repeated.
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During the first 60 min of the second test 2.15 mg 5-HT was infused i.v. in the same way as described above.
Analytical Procedures
Blood glucose was determined by the enzymatic glueose-oxidase method (Boehringer-Mannheim).
Plasma insulin concentration was measured in triplieate by the Hales and Randle method, as modified by Crepaldi et al. (1966) .
Human insulin was used as standard in the radio. immunoassay.
Statistical Evaluation
Significance has been computed by the method of "Combined Tests" [16] using the combination method g~.
According to this method the probabilities associated with the "t" of Student obtained on each subject have been combined.
The value obtained in dogs was Z~=21.88. This value is greater than 18.47, i.e. the critical value of significance to 1 ~o of the theoretical 23 for 7 degrees of freedom.
This statistical method is based on the following steps : 1. for every value obtained from the "t" test the probability of obtaining an inferior value is calculated (in accordance with cumulative distribution); 2. the normal standardized equivalent value is calcnlated; 3. the sum of the squares of the previous values is considered. This combined test follows the law g2.
Results
Experiments in Dogs 4
.30 mg 5-HT base injected into the pancreatic artery produces an immediate and sharp increase of plasma insulin in the pancreatico-duodenal vein (Fig.  1) . 1 This increase is clearly visible 3 rain after injection and is statistically significant (p<0.01).
A much greater amount of 5-HT however (21.50 nag), did not produce the same phenomenon and insnlinaemia remains unchanged. On the other hand, neither of the two doses of 5-HT appreciably modified insulin concentration in the peripheral veins.
However, blood glucose did appreciably increase after administration of the larger dose of 5-HT. It is doubtful whether the lack of an insulin-secreting effect after the large dose of 5-~T may be ascribed to the small burst of insulin induced by the preceding 5-HT injection. This is confirmed by the fact that a second injection of 4.30 mg of 5-HT given to two dogs 20 rain after the first administration produced a rapid insulin increase in p.d.v. (Fig. 2) . 
Experiments in Man
In man, 5-I~T infused in small quantities for 60 rain after overnight fasting did not appreciably alter glycaemia and insnlinaemia (Fig. 3) . But when 5-hydroxytryptamine was infused in the first 60 rain after ingestion of glucose, insulin in peripheral blood increased to a greater extent than during the control oral glucose tolerance test (Fig. 4) .
Glycaemia was not altered to any appreciable extent by administration of 5-HT.
Discussion
In recent years it has been reported that 5-HT stimulates hormone production by several endocrine glands and the hypothesis has been suggested that catechol-as well indol-amines may play a role in the synthesis and/or release of the hormone synthetized in these cells [24] .
Only in the last ten years it has been suggested that there is a link between 5-HT and pancreatic islets. The presence of biogenic amines and of 5-HT in the pancreas of several species was established by several investigators [1, 7] . It has been stated that beta-cells possess a transport system with a great capacity for 5-HT [13] . It has also been shown that the pancreatic beta-cells can concentrate, in vivo, both 5-hydroxytryptophan [17] and 5-hydroxytryptamine [8, 20] , although to a slight extent in comparison to aminoacid; but it has been stated that a high dose of 5-ttT can be taken up relatively more avidly. ereatic artery. This effect is closely related to the dose : while the insulin increase is evident with 4.30 rag, no increase of insulin concentration in the pancreaticoduodenal vein was observed when five times this dose was injected. These results obtained in vivo are in agreement with the observations in vitro of Telib et al. [23] and suggest a dose-dependent effect of 5-HT on insulin secretion. Minutes Fig. 4 . Effects of 5-HT on blood glucose and plasma insulin levels after oral glucose load in man. Each subject received a control glucose load (100 g) and a saline infusion; on another occasion each subject received the same glucose load and the 5-I-IT infusion (2.15 mg in 60 min). (Vertical bars indieateq-1 S.E.)
These observations raise the question of the biological significance of 5-HT with regard to insulin secretion. In recent years it has been shown that 5-tIT, in vitro, may play a role in controlling insulin secretion [9, 10, 14, 23, 24, 27] , although different results have been observed in various species. Finally, it has been shown that various doses of the amine may have different effects on insulin secretion [23, 24] .
Our results indicate that 5-tIT rapidly stimulates instflin release in dogs, if it is injected into the panAt present, the mechanism of 5-HT on insulin secretion cannot be explained. Coore et at. [2] observed that 5-KT has no apparent effect on the stability of isolated beta-granules. Quay [19] put forward the hypothesis that some of the biological actions of 5-hydroxytryptamine may be functionally associated with microtubules in the mechanism of cytoplasmic movement. According to this concept it is possible to maintain that the 5-HT contained in the pancreatic betacells is in some way connected to the beginning of the contraction of the microtubular-microfilamentous system and to the displacement of the granules to the cell surface. However an alternative hypothesis may be suggested. In fact, 5-HT seems to be a substance which increases the 3'-5' cAMP [15, 21] ; the effect of injected 5-HT may be regarded therefore as an effect on the cell membrane of the beta-cell, increasing adenyl eyelase activity.
To evaluate our results in man, the question of the significance of the doses employed must first be considered. While very large, unphysiologieal doses of 5-HT were injected into the pancreatic artery of dogs, we believe that the dose employed in humans was very small.
The quantity of 5-HT in the whole body of a human adult can be estimated at approximately 5--10 mg [12] . 5-HT is rapidly metabolized and its half-life has been evaluated at about 17 h in the stomach and 11 h in the intestine [26] . Since production of 5-I-IT, when evaluated on the basis of daffy urinary excretion seems to be in the order of 5--20 rag/day, the total amount of this amine in the blood (~ 1 mg) must be renewed several times during the day [5] .
Bearing these data in mind, we believe that the amount administered in our experiments in man (2.15 mg of 5-HT base, i.e. 0.50 ~.g/kg/min), may be considered as an acceptable physiological dose.
Our results in humans after overnight fasting show that 5-HT infusion does not appreciably alter blood glucose and plasma insulin concentration. On the other hand, when 5-HT is infused immediately after ingestion of glucose, insulin response is clearly greater than that observed in the same subjects after ingestion of glucose alone (Fig. 3--4 ). This phenomenon is in agreement with the concept that 5-HT plays a physiological role in modulating insulin secretion after a glucose meal, probably through an extracellular action on beta cells, similar to that of enterohormones.
In effect, the greater part of 5-HT present in the body is found in the enterochromaffin cells of the gastrointestinal tract [22] and these cells are in man the only source of circulating 5-HT [6] . 5-HT increases in the peripheral blood in the 30 rain after taking food
[il].
The discrepancy between the lack of effect of 5-HT after overnight fasting and the powerful insulin-secreting effect after glucose, could be explained as a synergism of the 5-hydroxy~ryptamine, with other intestinal factors, on the pancreatic beta-cells ~.
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